The silver Y moth, Autographa gamma is a well-known migratory insect pest without apparent diapause; however, it overwinters under cold conditions in Hokkaido, Japan. Middle stage larvae are found under deep snow in late winter in this area. To elucidate the winter-adaptation feature of the Hokkaido population, photoperiodic responses were examined at various temperatures (28, 23, 18, 13°C). There were few differences in the egg and pupal duration between under short-day (12L-12D) and long-day (16L-8D) photoperiods. However, larval duration greatly prolonged under short-day photoperiod than under long-day photoperiod at 13°C, due to the prolongation of the fourth larval instar.
INTRODUCTION
The silver Y moth, Autographa gamma Linnaeus (Lepidoptera: Noctuidae) is a well-known migrant insect pest in Europe. This species overwinters in the Mediterranean regions, Africa, or southern Europe and then migrates northward in summer (summarized by Oku and Kobayashi, 1978) .
In Japan, A. gamma is mainly distributed northward and usually produces three generations a year in Hokkaido Island (Kitamura et al., 1989; Kaneko et al., 1990) . It is an important insect pest of crops such as sugar beet, cabbage and alfalfa in this area (Torikura, 1991; Kaneko, 1993) . Although larval occurrence on crops or wild plants in the southern part of Honshu Island has not been reported, the presence of many adults was recorded in this area (Saito, 1997) . These adults were considered to be migrants from indigenous areas like Hokkaido.
The middle instar larvae of A. gamma overwinter on their host plants under deep snow for as long as five months in Hokkaido (Kanehira and Torikura, 1988; Saito, 1988; Torikura, 1991; Kaneko, 1996) . The third and fourth instar larvae of the species develop a high level of cold hardiness due to cold hardening; however, larvae in the other instars, egg, or pupa are not sensitive to cold hardening (Kaneko, 1996) . It is believed that despite the enhancement of cold hardiness the A. gamma found in Hokkaido is unable to survive the long winter. Furthermore, there has been no report that this species exhibits diapause at any stage in its life cycle (Abdinbekova and Akhmedov, 1971) . In the present study, the photoperiodic response of eggs, larvae, and pupae in a Hokkaido population of A. gamma were examined at various temperatures.
MATERIALS AND METHODS
An experimental population of A. gamma was derived from females collected using a light trap in Memuro, Hokkaido, Japan, in 1988; this population was reared, and a rearing strain of successive generations was established in the laboratory under constant temperature (23Ϯ0.5°C) and a long-day photoperiod (16L-8D) conditions by using a meridic diet . The second to the fifth generations were used for examination of photoperiodism.
The eggs, larvae, and pupae were kept or reared from oviposition to adult emergence at various temperatures (28, 23, 18 or 13°C) , under a longday (16L-8D) photoperiod, or a short-day (12L-12D) photoperiod.
The eggs were laid during scotophase and incubated and checked for hatching every morning. The larvae were reared in groups in a Petri dish (diameter: 9 cm and thickness: 1 cm) during the first and second instars or in a plastic container (length: 27.0 cm, width: 17.5 cm, and depth: 8.5 cm) during the third, fourth, and fifth instars according to the method described by Tsutsui et al. (1989) . Every morning, the larval development was assessed and the number of larvae was counted. The pupation and adult emergence were also checked every morning and the emerging adults were sexed.
RESULTS
The egg duration of A. gamma was shorter at higher temperature conditions (Table 1) . Although there were significant differences among the egg durations at different temperatures, no significant differences in the durations were observed in the 392 O. SAITO case of different photoperiods at the same temperatures. The mean duration from hatching to the end of each instar is shown in Table 2 . The whole larval duration, indicated as the fifth instar duration in the table, was also shorter at higher temperatures. There were significant differences in all the larval instar durations under different photoperiods at the same temperatures. The differences in the larval instar durations ranged from 0.2 to 0.6 days under different photoperiods at 28°C. Each larval instar duration under the short-day photoperiod was a little longer than that under the long-day photoperiod at 23 and 18°C. On the other hand, the first (L1), second (L2), and third instar (L3) durations under the long-day photoperiod were approximately 5 or 6 days longer than those under the short-day photoperiod at 13°C. On the contrary, the fourth (L4) and fifth instar (L5) durations under the short-day photoperiod were approximately 12 or 14 days longer than those under the long-day photoperiod. Hence, exact L4 duration, calculated from the mean days of L4 duration minus L3 duration, was 16.7 days under the long-day photoperiod and 36.7 days under the short-day photoperiod. The cumulative rates of larval instars in A. gamma are shown in Fig. 1 . The prolongation of L4 duration under the short-day photoperiod at 13°C is clearly observed. Moreover, a part of L3 delayed to moult to L4, although almost all L3 moulted from the 26th to 31st days.
The pupal durations are shown in Table 3 . The pupal durations of the females were shorter than those of the males under almost all conditions. At 28°C, the pupal durations tended to be shorter under the long-day photoperiod than under the short-day photoperiod, whereas at 13, 18 and 23°C, the pupal durations were shorter under the shortday photoperiod than under the long-day photoperiod.
DISCUSSION
The preimaginal development of A. gamma does not include the obligate diapause stage within the common rearing-temperature range (Abdinbekova and Akhmedov, 1971) . However, in the present results, L4 duration shows a remarkable prolongation at 13°C under the short-day photoperiod. Because developmental zero of larval development in this Fig. 1 . Cumulative rate of larval instars in A. gamma under various temperature and photoperiod conditions. The number and uppercase letters denote temperature (°C) and photoperiod (L; long-day photoperiod, S; short-day photoperiod), respectively. L1-L5 and P indicate first-fifth instar larva and pupa, respectively. species was determined as 9.9°C (Kiritani, 1997) , this temperature is only 3.1°C above the developmental zero. Furthermore, a part of L3 also prolongs their duration. The larvae in these instars develop cold hardiness when exposed to low temperatures (Kaneko, 1996) . Larvae in these instars overwinter and are found in crop fields under deep snow (Kanehira and Torikura, 1988; Saito, 1988; Kaneko, 1996) . Therefore, it is inferred that the larvae of the autumnal generation of A. gamma grow slowly at low temperatures under the shortday photoperiod. Further, their L4 duration with a part of L3 prolong and consequently, L4 larvae increase in number before winter. Thus, A. gamma has a clear developmental control response that is similar to the diapause in other species.
The spotted cutworm, Xestia c-nigrum also overwinters in the middle instar larval stage in diapause induced under the short-day photoperiod conditions. In this species, diapause larvae feed during the warm days. After overwintering, the larvae restart their development and pupate under longday conditions (Oku, 1984; Tsutsui et al., 1986) . L4 duration in A. gamma prolongs at low temperature under the short-day photoperiod but its development continues slowly; hence, the prolonged duration of A. gamma larval development is believed to be an adaptation to the seasonal changes, similar to the diapause of larva in X. c-nigrum. However, the prolongation in A. gamma larval duration differs from the diapause in that the larval development continues without exposure under the longday photoperiod.
In Japan, A. gamma usually occurs in Hokkaido and has to face long winters that last for over five months. This species has not been reported to colonize in southern areas including Honshu where winter climatic conditions are not so severe. Thus overwintering feature of A. gamma in Japan differs from that of European populations. Further investigations regarding the fundamental ecology of the Japanese A. gamma population are necessary to understand its life history. 
